Ageing, hippocampal synaptic activity and magnesium.
Ageing is associated with a general decline in physiological functions. Amongst the different aspects of body deterioration, cognitive impairments, and particularly defects in learning and memory, represent one of the most frequent features in the elderly. However, a great variability exists among aged subjects. Clinical reports and experimental data in animal models of ageing have shown that age-associated memory deficits are broadly identical to those induced by damage to the hippocampus. It is therefore not surprising that many functional properties of hippocampal neuronal networks are particularly altered with ageing. Whereas passive membrane properties of neurons are conserved with age, neuronal excitability is altered, in keeping with weaker performances of aged subjects in memory tasks. Synaptic transmission within hippocampal networks also decreases in brain ageing. Deficits concern both glutamatergic and cholinergic pathways, which represent the main excitatory neurotransmitter systems responsible for neuronal communication in the hippocampus. In addition, long-term changes in synaptic transmission, possible cellular substrates for learning and memory, are also impaired in ageing in correlation with cognitive impairments. Neuronal properties and synaptic plasticity closely depend on ion exchanges between intra- and extracellular compartments. Changes in ion regulation during ageing may therefore participate in altering functional properties of neuronal networks. Calcium dysregulation has been extensively investigated in brain ageing but the role of magnesium has received less attention though ageing constitutes a risk factor for magnesium deficit. One of general properties of magnesium at presynaptic fibre terminals is to reduce transmitter release. At the postsynaptic level, it closely controls the activation of the N-methyl-D-aspartate receptor, a subtype of glutamate receptor, which is critical for the expression of long-term changes in synaptic transmission. In addition, magnesium is a cofactor of many enzymes localized either in neurons or in glial cells that control neuronal properties and synaptic plasticity such as protein-kinase C, calcium/calmodulin-dependent protein kinase II and serine racemase. It is therefore likely that a change in magnesium concentration would significantly impair synaptic functions in the aged hippocampus. Experiments addressing this question remain too scarce but recent data indicate that magnesium is involved in age-related deficits in transmitter release, neuronal excitability and in some forms of synaptic plasticity such as long-term depression of synaptic transmission. Further studies are still necessary to better delineate to what extent magnesium contributes to the impaired cellular mechanisms of cognitive functions in the elderly which will help to develop new strategies to minimize age-related memory declines.